
 

 

Invasive Species Survey, Frederick City Watershed, PALS/UMD                               1 

 

 

 

 

 

The University of Maryland 

CONS670: Conservation Biology 

Fall, 2014 

 

Invasive Species Survey, Frederick City Watershed 

 

Kiel Edson, Maira Bezerra, Robin Graber, Tiffany Kim,  

Kristin Taddei, Anika Cartas, Jessie OôConnor 

 

Under the supervision of Dr. Keryn Gedan 

 

 

                 
 

 

PALS--Partnership for Action Learning in Sustainability  

A National Center for Smart Growth initiative at the University of Maryland 

 

Gerrit Knaap, Executive Director 

Uri Avin, PDC Director 

  



 

 

Invasive Species Survey, Frederick City Watershed, PALS/UMD                               2 

 

Contents 
Executive Summary..................................................................................................................... 3 

Research Topic and Overarching Issue ....................................................................................... 3 

Local Context for Research Activities .......................................................................................... 4 

Research Methods ...................................................................................................................... 7 

Results .......................................................................................................................................12 

Final Considerations ...................................................................................................................14 

Management Recommendations ................................................................................................14 

References .................................................................................................................................16 

Appendix A. ................................................................................................................................18 

Native alternatives ......................................................................................................................25 

Appendix A References ..............................................................................................................26 

 

  



 

 

Invasive Species Survey, Frederick City Watershed, PALS/UMD                               3 

 

 

Executive Summary 

 

Invasive plant species are present within Frederick City Watershed and are a concern for 

ecosystem health. Research has shown that roads and trails often act as vectors for invasive 

species. Within Frederick City Watershed, there is a 9.5-mile sanctioned (legal) trail and over 100 

miles of unsanctioned (illegal) trails. We addressed three questions to better understand the 

impact of roads and trails on invasive species prevalence within Frederick City Watershed. First, 

does invasive species prevalence differ near sanctioned versus unsanctioned trails? Second, does 

invasive species prevalence decrease with increasing distance from trails? Last, does invasive 

species prevalence increase closer to roads? To address these questions, we performed a survey of 

invasive species along transects running perpendicular to both sanctioned and unsanctioned trails. 

For each transect, we estimated a percent cover of invasive species within one-meter square plots 

at zero, five, 10, 15 and 20 meters on either side of the trail. In addition, we used GIS to 

determine transect distance from the nearest road. Our results show that invasive species cover 

increases with decreasing distance from both trails and roads. Our survey results also show that 

invasive species cover was greater near unsanctioned trails. However, due to the low sample size, 

it is unclear whether trail type or distance from the nearest road is responsible for this trend. 

Based on these results, we recommend closing trails farthest from roads to prevent the 

establishment of invasives in more remote areas of the Watershed, while focusing removal efforts 

along roads and trails closest to roads.       

 

Research Topic and Overarching Issue 

 

Invasive species are widely recognized as one of the most significant threats to ecosystem 

stability and environmental health (Mooney and Hobbs 2000). Nearly 20 years ago, the Bureau of 

Land Management estimated that invasive plants infest 100 million acres and every year an 

additional three million acres are affected (BLM 1996). Globalization, rapid human population 

growth and increased development have facilitated the introduction, establishment and spread of 

invasive species around the planet (Hulme 2009). Approximately 5,000 non-native plants now 

exist in the United Statesô ecosystems and the collective cost of all invasive species has been 

estimated as $137 billion annually (Pimentel 2000). Invasive plants specifically are problematic 

because they displace native species, degrade ecosystem processes and productivity, hamper 

biodiversity and reduce wildlife habitat (Davies 2007, BLM 2010). There are two primary 

anthropogenic influences facilitating these invasions: the intentional and unintentional 

introduction of foreign species into novel environments, and the degradation of ecosystems, 

making them more susceptible to non-native species invasion (Davis 2009). Although human-

induced invasions have occurred for centuries, it has only been in the past half-century that we 
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have recognized the social, economic and ecological consequences of these introductions. As a 

result, invasive management has become an increasingly common practice (Davis 2009). 

 

The term invasiveness refers to a speciesô ability to succeed as an invader (Colautti et al. 

2006). Although ecologists disagree about the relative importance of each factor that influences 

invasions, they agree that three characteristics are important in predicting and managing 

invasions: (1) invasiveness, (2) invasibility and (3) propagule pressure (Colautti et al. 2006; 

Erfmeier & Bruelheide 2010; Shea & Chesson 2002; van Kleunen et al. 2010). Examples of 

characteristics that often increase invasiveness include rapid reproduction and development, 

asexual reproduction, resource consumption efficiency and the ability to withstand a wide range 

of physiological conditions. Invasibility refers to an ecosystemôs susceptibility to invasion 

(Colautti et al. 2006). Ecosystems impacted by human disturbance or are otherwise degraded are 

much more susceptible to the establishment and proliferation of non-native species (Oswalt and 

Oswalt 2007, Hoffman et al. 2008). Unsurprisingly, the interactions between characteristics of the 

introduced species, such as growth rate and method of dispersal, combined with characteristics of 

the receiving ecosystem, such as resource availability or a lack of natural enemies, have been 

demonstrated as important in determining invasion success (Erfmeier & Bruelheide 2010). When 

considering the potential for invasion, propagule pressure, which is the number of individuals 

introduced or the number of introduction events, might arguably be the most important factor to 

consider (Colautti et al. 2006). 

 

Anthropogenic activities have dramatically influenced biological invasions by either 

altering the receiving ecosystem (thus increasing invasibility) or by increasing propagule 

pressure. Non-native species can disperse easily along roads and trails. Trombulak and Frissell 

(2000) described three main ways in which roads can assist in dispersal and establishment of 

invasive species. First, roads cause habitat alteration and fragmentation, which can facilitate 

invaders. For example, Greenberg et al. (1997) found that soil modification due to roads can 

facilitate plant invasions. Second, roads can stress or remove native species and subsequently 

make the area more susceptible to invaders. These refer to changes in the environment that 

increase the ecosystemôs invasibility. The third means of facilitation is the ease of movementð

and introductionðof invasives by both wildlife and humans, thus increasing propagule pressure 

in the area (Trambulak and Frissel 2000). Other studiesô findings support these three hypotheses 

by demonstrating that roads provide habitat for invasive plant species and act as conduit for 

introducing invasive species, facilitating their spread and establishment (Buckley et al. 2003).  

 

Local Context for Research Activities  

 

Frederick Municipal Forest is a large, 7,006-acre forest tract, which encompasses 26 miles 

of perennial streams. It also includes a significant portion of Frederick City Watershed that 
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ultimately drains into Fishing Creek reservoir. In 2005, the City released the Forest Stewardship 

Plan, which highlighted its primary management objective to maintain the area as a source of 

clean and reliable water, now and into the future. Secondary goals include protecting Frederick 

City Watershedôs ecosystem from deleterious impacts such as fire, insects, pests and disease; 

protecting wildlife habitat and water quality for fish species; and providing recreational 

opportunities for the public (Pannill 2005). The perennial streams that wind through the landscape 

are important habitat for eastern brook trout, Marylandôs only native trout species. The forest is 

also a popular recreational destination for hikers, mountain bikers and hunters. Forest managers 

and The City of Frederick aim to balance between protecting the forestôs ecology and the Cityôs 

water supply, while allowing open access for recreational use. 

Invasive plant species can have severe consequences for forest health, and trailsðlike  

those throughout Frederick City Watershedðare known to not only serve as dispersal corridors 

for these non-native organisms, but also as an ideal habitat for their establishment and 

proliferation (Mortensen 2009). The introduction of invasive plant species was identified by the 

City as ñone of the most serious threats to the [Frederick Municipal] forest.ò This is because 

invasives compete with native vegetation for scarce resources and can alter nutrient cycling, soil 

chemistry and interspecies symbioses (Pannill 2005). The Plan also notes that one particularly 

problematic species, Japanese stiltgrass (Microstegium vimineum), has spread throughout the 

forest via hikers and mountain bikers on trails, and by vehicles on roadways. Other invasive 

species of note within Frederick City Watershed are Mile-a-Minute (Polygonum perfoliatum), 

Multiflora Rose (Rosa multiflora), Japanese Barberry (Berberis thunbergii) and Tree-of-Heaven 

(Ailanthus altissima) (Pannill 2005). 

Frederick City Watershed has a 9.5-mile sanctioned (legal) trail network and over 100 

miles of unsanctioned (illegal) trails (Pannill 2005). The sanctioned trail is approved and 

maintained by the Maryland Department of Natural Resources (DNR) and the Planôs 

recommendations include limiting recreational use to this trail along with the eradication of non-

native, invasive plants along roadsides and permanent openings (Pannill, 2005). The abundance of 

unsanctioned, or órogueô trails, is a concern for the City and local foresters because they are 

unmaintained, largely unmonitored and could be drawing non-native species into areas from 

which they might otherwise be excluded. Our initial qualitative assessment was that these 

invasive species appeared more prominent along the sides of trails (both sanctioned and 

unsanctioned) and roads, and were more sparse or nonexistent in the interior forest. Combined 

with a growing body of literature demonstrating that roads and recreational trails facilitate the 

spread of invasive species in wilderness areas (see Research Topic and Overarching Issue), we 

hypothesized that the roads and trails within Frederick City Watershed are promoting the spread 

of invasive plants. This infers that we would observe higher percent cover of these species close 

to trail edges. The goals of this study are to determine whether there are correlations between 

percent cover of invasives, trail type (sanctioned or unsanctioned) and/or distance from trails; and 
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to provide the City with management recommendations regarding trail maintenance and 

recreational use.  
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Research Methods 

We organized our field survey of invasive plants into a set of 18 transect clusters, or 

locations within Frederick City Watershed. Each cluster was located at or near an intersection 

between a sanctioned and unsanctioned trail. These transect clusters were visually selected using 

the Frederick City Watershed Mountain Bike Trail Assessment map of trails (Figure 2). We then 

selected ten of these transect clusters using a random number generator. We focused the field 

studies undertaken on October 12 and October 25, 2014 on these ten transect clusters, but could 

ultimately only gather data for nine transect clusters.  

Data Collection 

 

At each transect cluster, we walked 100 meters down the unsanctioned or sanctioned trail, 

recorded the GPS coordinates at that site, then established perpendicular transects 20 meters wide 

on either side of the trail (Figure 1). Using a one square-meter PVC pipe quadrat, surveying plots 

were placed every five meters along each transect on either side of the trail. The first site was on 

the edge of the trail (at 0 meters), 

while the remaining sites were five 

meters, ten meters, 15 meters and 

20 meters from the trail. We 

recorded the percent cover of 

invasive species within these plots 

(Figures 4 and 5). Our team used a 

plant guide provided by DNR to 

identify invasive species present in 

these plots (all species in Appendix 

A). Once data was collected at the 

first trail type (sanctioned or 

unsanctioned), we returned to the 

transect cluster (intersection) and 

repeated with the other trail type. 

 

Within the one square-meter quadrat, we recorded the percent cover of invasive plants by 

species. Once an invasive species was identified, our team visually estimated the percent cover for 

the species within the quadrat. We also obtained the coordinates for each transect site location 

using a GPS (Figure 6). 

 

 

Figure 1. Transect design (not to scale). 
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Figure 2. Each point represents a selected set of transect clusters (intersection of sanctioned and 

unsanctioned trails) in Frederick City Watershed. The ten survey sites in yellow (primary) and blue 

(secondary) were randomly selected as focus sites. [map source: Maryland DNR] 

 
      Figure 3. 20-meter transect extending into forest from trail edge. 

 

 
  Figure 4. Recording the percent cover of invasive species in one  
  square meter quadrats, spaced at five-meter intervals from trail edges. 
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Figure 5. Recording the percent cover of invasive species in one  
square meter quadrats, spaced at five-meter intervals from trail edges. 
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Figure 6. Map of northern Frederick City Watershed with plotted GPS 

coordinates for each unsanctioned and sanctioned transect location from the 

October 12 and October 25, 2014 field surveys. Green points indicate that no 

invasive species were observed along these transects, while orange points 

indicate that some invasive species were observed along these transects. 

Transects denoted by red points were where the most invasive species were 

observed. 
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Data Analysis 

To ascertain whether percent cover of invasives is higher closer to the trail edge and 

whether trail type influences the spread of invasive plants, we graphed mean percent cover of 

invasive species at each distance from the trail for both unsanctioned and sanctioned trails. A 

statistical analysis was not performed due to the low number of observations of invasive species.   

As discussed in Research Topic and Overarching Issue, roads have been shown to act as 

vectors for invasive plant species. Therefore, we decided to determine the distance between the 

focal points of our survey to the nearest paved road, to investigate whether the location with 

respect to paved roads could be an important factor in determining the presence of invasive 

species. We used the near function in ArcGIS 10 to calculate the distance in meters from each 

transect site to the nearest road. With the near function, we were able to calculate the distance 

from each focal point to the nearest paved roads. Again, no statistical analysis was performed due 

to a small sample size. 

Results 

Mean percent cover of invasive species was greater for all plots in unsanctioned trails than 

for all plots in sanctioned trails (Figure 7). On unsanctioned trails, the mean percent cover of 

invasives was highest in the plot closest to the trail (at 0 meters) and decreased but remained 

relatively constant in the 5, 10, 15 and 20 meters plots. On sanctioned trails, the mean percent 

cover of invasives was also highest in the plot at 0 meters but decreased continually with 

increased distance from the trail. 

 

Figure 7: Mean percent cover of invasive species for each plot as a function of distance from 

sanctioned or unsanctioned trail edges (n =18 for each mean). Bars depict standard error (SE).  
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We found four invasive species in 

transects from unsanctioned trails and two 

invasive species in transects from sanctioned 

trails (Appendix A). Invasives found in 

unsanctioned trail transects were Japanese 

stiltgrass (Microstegium vimineum [Figure 

8]), Japanese barberry (Berberis thunbergii), 

bush honeysuckle (Lonicera maackii) and 

multiflora rose (Rosa multiflora), while only 

Japanese stiltgrass (Microstegium vimineum) 

and Japanese barberry (Berberis thunbergii) 

were found in sanctioned trail transects.  

 

Based on our GIS analysis, transects containing invasive species were closest to a road on 

both sanctioned and unsanctioned trails (Figure 9). Transects on sanctioned trails ranged from 

approximately 35 to 857 meters from the nearest road, and invasives were only found in the 

transect 35 meters from a road. It is worth noting that, of the nine sanctioned trail transects, only 

one was found to be impacted by invasives ï a positive sign for the forestôs health overall.  

Transects on unsanctioned trails ranged from approximately 41 to 726 meters from the nearest 

road and invasives were found in the three transects closest to roads at 41, 84 and 99 meters from 

a road. For unsanctioned transects, the mean percent cover of invasives decreased with increasing 

distance from roads; at 41 meters from a road, mean invasive cover was 57.5 percent, at 84 meters 

from a road, mean invasive cover was 5 percent and at 99 meters from a road, mean invasive 

cover was 3.5 percent.  

 

 

 

  

Figure 8. Invasive species Japanese Stiltgrass 

(Microstegium vimineum) (bottom left corner) observed 

along a trail edge in the Frederick City Watershed. 

Figure 9: Each point represents mean percent cover of invasive species at each 

site as a function of distance from the nearest road. 
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Final Considerations 

Though it is encouraging that only four of the eighteen sites surveyed showed any 

presence of invasive species, this study had some limitations. With the increasingly cold fall 

weather, many plants had begun to die by our second field visit on October 25, 2014. Most of the 

area we surveyed was covered with leaf litter, so it is possible that the percent cover assessments 

are underestimates and that our team did not encounter certain species due to the late survey start 

date. However, this suggests that the observations of occurrences and estimates of cover are 

conservative, meaning that the prevalence of non-native plants throughout the trail network may 

be higher than our data suggest.  To reach more robust conclusions regarding the relative 

importance of sanctioned and unsanctioned trails in the spread of invasives into the forest, more 

surveying should be conducted earlier in the year.  

Another challenge was the time constraint of this project. The window for data collection 

was limited, due to the short semester and the seasonal changes; as a result, our survey was 

limited and our data preliminary. In addition, because of our constrained site visit opportunities, 

the survey locations were all within reasonable walking distance from a trailhead, so locations in 

the deepest areas of the forest were not surveyed.  

 Finally, identifying some of the plant species can be difficult  (especially given the 

season); some seedlings of different species look similar and do not have the distinguishing 

characteristics of mature plants. However, DNR provided an invasive plant guide before the 

survey began, along with a site visit to familiarize ourselves with the species we would be 

encountering regularly. In addition, some of our group members have botanical survey experience 

(including in Maryland), which was helpful in plant identification.  

 

Management Recommendations 

Our results suggest roads are the most important factor in the spread of invasive plant 

species in the Frederick City Watershed. All sites within 100 meters of a major road with the 

exception of one had invasive species present, and the mean cover of invasives generally 

decreased with increasing distance from the nearest road. Although we found invasive species on 

three unsanctioned trail sites and only one sanctioned trail site, we are reluctant to draw any 

conclusions about differences between trail types because of the small sample sizes and because, 

in our survey, there were more unsanctioned trail sites within 100 meters of a road. Our data also 

indicate that where invasive species have been established along trails edges, they have spread 

fairly far into the forest (at least 20 meters), though at low densities. We recommend closure of 

trails farthest from roads to prevent establishment by invasive species in more remote areas, and 

focusing management efforts on removing invasives along roads, and along trails closest to roads. 

The most abundant invasive species by far was the Japanese stiltgrass; we include several 

eradication methods for this and other local invasive species in Appendix A. 
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Although we could not conduct a statistical analysis, open, disturbed areas also seem to be 

a crucial determinant in the presence of invasive species. For example, during our second survey 

on October 25, 2014, the only site in which we observed invasive species was a clearing with 

evident disturbance (trash was present) adjacent to what appeared to be a younger forest (the 

canopy was less dense, and young trees were growing closer together compared to other sites; 

Figure 10). If this is the case, we recommend communicating with landowners whose properties 

are adjacent to the forest with actions they can take to mitigate the spread of invasive species. 

 

 

Figure 10. A clearing adjacent to younger forest. Japanese stiltgrass is apparent in the center of the clearing. 

 

 

 

 

  
























